Abstract. Intact soil columns were evaluated as a screening technique to determine the effect of tillage on herbicide movement through soil. Alachlor was applied at 3 .3 kg ai ha-1 to intact surface 0-to 10-cm and subsurface 10-to 20-cm soil colwnns (15-cm diam) taken from long-term no-till and conventional tillage plots and leached with 11.6 pore volumes (7 L; 39 cm) of water at a rate that did not create ponding. Leachate was collected in 0.07 pore volume fractions. Twice as much alachlor leached from surface no-till than from· surface conventional tillage columns. The differ ences in leaching patterns from the surface soil can be attributed to the effect of tillage on soil physical and chemical properties. Using intact soil columns in the laboratory can be a useful rapid screening technique to evaluate tillage impacts on herbicide movement. Nomenclature: Alachlor, 2-chloro-N-(2,6-diethy lpheny 1)-N-(methoxymethyl)acetamide. Additional index words: Herbicide movement screening technique.
INTRODUCTION
Tillage management influences many soil factors including organic carbon distribution, soil pH, micro bial populations, porosity, and water movement (9) . A change in tillage management may change herbicide movement and distribution within and between soil series. For instance, in several field studies, greater hezbicide movement was reported in no-till manage ment systems compared with conventional tillage (7, 8) . However, large scale field experiments to evaluate her bicide movement in various soil types treated with different tillage management practices are impractical due to cost and time involved.
As alternatives to field studies, different techniques have been . used to characterize herbicide movement through soil. For example, column studies have been used to demonstrate pesticide movement and distribu tion in several soil types under various treatments. Often the columns are packed in the laboratory using field moist or air-dried sieved soil (3, 4, 5, 10, 11, 13, 15). Zins et al. (16) packed soil columns, grew alfalfa in the columns, and then determined the influence of alfalfa roots on movement of herbicide through soil. Dekkers and Barbera (5) and Gertsl and Yaron (6) showed that soil structure greatly influences herbicide movement. In contrast with packed columns, White et A need exists to develop a simple and reliable labo ratory/greenhouse screening system that can rapidly and accurately determine the most promising pesticide man agement practices for reducing potential groundwater contamination. Once these management practices have been identified by the soil screening system, they can then be field-tested. The objective of this study was to evaluate the use of small (15 cm diam by 10 cm) intact field moist soil columns as a scree · g method to determine the influence of tillage practice on herbicide movement through soil. Figure 2 ). For the surface columns, alachlor was not observed in the first 0.83 pore volumes of leachate from the conventional tillage, whereas 0.6% of the applied alachlor leached from the no-till columns. The amount of alachlor collected in the first 3.3 pore volumes of leachate from surface no-till columns was four-fold greater than the amount leached from the conventional tillage columns (6.3 vs 1.5%, respective ly). The total amount of alachlor leached from the surface no-till columns in 11.6 pore volumes of leachate was double the amount leached from conven tional tillage columns (29.7 vs 14.4%, respectively).
MATERIALS AND METHODS

Field
Leaching patterns of alachlor differed between tillage and depth (
The amount of alachlor leached in the first 3.3 pore volumes from the subsurface columns from no-till treat ment was double the amount leached from subsurface conventional tillage columns (11.4 vs 5.3%, respective ly). The total amount of alachlor contained in 11.6 pore volumes of leachate from the subsmface columns of both tillages (37.5% from no-till and 26.6% from con ventional tillage) was similar to the amount contained 481 in the leachate from the no-till surface columns (29.7%).
Over 60% of the alachlor that remained in all columns stayed in the top 5.0 cm of both tillage treat ments (Table 2) . Slightly more alachlor remained in the 0-to 2.5-cm increment of the surface no-till column compared with the conventional tillage columns (54 vs 44%, respectively). More alachlor remained in the 0-to 2.5-cm increment of the subsurface conventional till columns compared with the no-till columns (56 vs 43%, respectively) ( Table 2) . Adsorption-desorption isotherms. Alachlor was ad sorbed to the greatest extent in the top 0-to 5-cm increment of the no-till treatment (Table 3 ) correspond ing to a high organic carbon content (Table 1 ) . Organic carbon content is correlated highly and positively with adsorption of the acetanilide herbicides such as alachlor (12) . Adsorption isotherms from other depths between tillage systems were similar.
Desorption of alachlor from all soil depths in both tillage systems after five desorption equilibrations was hysteretic in most cases ( the slope of the desorption isotherm was less than the slope of the adsorption isotherm). Desorption isotherms from the same depths were similar except for the 0-to 5-cm depth of the no till compared with conventional till soil.
DISCUSSION
The data from this study show that small intact field moist soil columns can be used with minimal problems as a screening method to determine the influence of tillage practices on herbicide movement through soil. A frequently cited problem when using soil columns to assess chemical movement is edge flow. In this study, edge flow of the chemicals was minimize by first, applying the chemicals to the center of the column and second, applying water at a rate that did not create ponding. Soil samples taken along the column edge after leaching events contained less than 2% of the 1 4C compared with the amount detected below the area of application. These data suggest that most of the chemi cal moved through the center of the column and not along the colwnn edge.
Another common problem with using soil columns is possible soil compaction and subsequent loss of struc ture and macropores that could cause preferential flow. Bromide was used as a conservative tracer for water in this experiment. Bromide is an anion and therefore 1.3-10.3 till columns which allowed for by-pass flow to occur. In aface conventional tillage, alachlor passed through a more mixed medium which allowed for more contact with soil particle surfaces resulting in less alachlor leadled from the columns.
488
Alachlor breakthrough occurred at the same time from subsurface columns and total amounts of alachlor from the subsurface columns were similar. Ad lOlplion and desorption isotherms were similar for the lllbsurfac e depths. Over 60% of the retained alachlor mnained in the surface 5 cm of all columns. Alachlor dilln bu tion patterns could be attributed to the tillage effect on both soil physical and chemical properties.
Small intact soil columns in this study detected dif lll'elltces in bromide and alachlor leaching patterns be no-till and conventional tillage systems. The that more alachlor leached from no-till columns with conventional tillage agree with field (7
, 8). The technique of leaching intact soil
INll!DDS in the laboratory appears to be a useful tool for · g gross differences in herbicide movement be tillage systems or soil types or both. This techmay point out possible field problems and solu to pesticide movement in an efficient and cost e manner.
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